A method of deriving subgroups of a population: A study of craniofacial taxonomy by Hirschfeld, William J. et al.
A Method of Deriving Subgroups of a Population: 
A Study of Craniofacial Taxonomy 
W. J. HIRSCHFELD,' R .  E. MOYERS A N D  D. H .  ENLOW 
Centerfor  Human Growth and Development ,  The  Uniuersity of Michigan, 
Ann Arbor, Michigan 481 04 
K E Y  WORDS Numerical taxonomy Cluster analysis 
Craniofacial measurements. 
ABSTRACT Subgroups within a population are often difficult to discover 
and describe except by subjective methods. In this study, cluster analysis 
(numerical taxonomy) methods were used on selected craniofacial measurements 
obtained from 308 North American White children of both sexes in the age 
range 6-18 to derive categories of skeletal facial types. 
Two different cluster analysis approaches were used in  conjunction with a 
separate overall evaluation of facial balance, a n  independent measure of 
maxillo-mandibular relationship (AB/FOP), and a traditional classification (Angle). 
The categories derived rest on corroborative and overlapping evidence from 
each of those methods. 
The categories were examined to determine if i t  is possible to classify a 
sample by means of cluster analysis, the size and discreteness of each class, 
how they compare with the Angle classification of the same sample, and the 
percentage of individuals that may be identified unequivocally by this classifi- 
cation scheme. 
Five categories were obtained. Labeled Category A - Category E, they show 
some correspondence to the Angle Classes I, 11, and 111, but categories A, B, 
and C appear to be subgroups, heretofore undetected, of Angle Class 11. Cate- 
gories D and E correspond to Angle Classes I and 111, respectively. The categories 
are more realistic and informative than the Angle classes. Each category is 
reported along with its distinguishing skeletal characteristics. 
A common problem in anthropology is 
the taxonomic one of defining and label- 
ing subgroups of a population. Tradition- 
ally, this process has been carried out by 
methods that are essentially subjective 
and, therefore, perhaps unable to deal 
with the whole of a set of variables in an 
efficient, quantifiable, and reproducible 
manner. 
Multivariate methods have been devel- 
oped and applied in taxonomy in an effort 
to improve the evaluation of an individual 
as a whole, and to make classification 
schemes more objective. By means of nu- 
merical operations on the data, these 
methods derive subgroups for further 
study, thus serving as heuristic tools for 
the investigator (Blackith and Reyment, 
'71). This is a report of the application 
of methods of exploratory data analysis 
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to the general problem of discovering sub- 
groups of a population. 
We wished to know what skeletal types 
may be found in a given population, and 
to be able to find them in an objective 
way. That is, we wanted groups to emerge 
from within the data, as opposed to being 
imposed upon the data by us. Accord- 
ingly, we chose the multivariate taxonomic 
approach specifically designed for this 
purpose, viz. the methods of numerical 
taxonomy known in the statistical litera- 
ture as cluster analysis. 
Other multivariate techniques have been 
used by Brown, Barrett and Darroch ('65) 
and by Howells ('69, '71) in craniofacial 
comparisons of ethnic groups. The present 
work is concerned with determining sub- 
1 Present address: Chicago State University, 95th and 
King Drive, Chicago, Illinois 60628. 
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groups rather than with comparisons of 
existing groups. We must emphasize that 
the methods reported in this paper are 
equally applicable to the derivation of 
groupings in other sorts of anthropologic 
data (e.g., blood groups, body stature, 
electrophoretic patterns). 
As pointed out by Gower ('67) there are 
many techniques of cluster analysis, and 
it is difficult to judge their relative merits, 
because a cluster is not a well defined 
concept. The basic criterion for a cluster 
is that the mathematical distance between 
its, center and any point in the cluster 
must be less than the distance between its 
center and the center of any other cluster. 
In other words, a point is assigned to that 
cluster in which the pointcenter distance 
is a minimum. The ill-defined concept of 
a cluster is caused by the facts that this 
criterion may be expressed and implement- 
ed in a variety of ways, and that a cluster 
may have a spherical, ellipsoidal, or other 
shape. 
Besides being used for the clustering of 
objects, the same techniques may be used 
in the analysis of the variables in a mul- 
tivariate set. In much the same way as 
factor analysis, cluster analysis may un- 
cover in a set of variables the basic sub- 
set that provides most of the information. 
Both kinds of applications have been used 
in the present studies. 
Most of the techniques of numerical 
taxonomy currently in use have been re- 
viewed by Rohlf ('70) who also provides 
the important reminder that these meth- 
ods are not statistical in nature (for elab- 
oration, see the work cited). 
The purpose of the work is to answer 
the following questions: (1) is it possible 
to classify a sample of a given population 
into different skeletal facial types by the 
methods of cluster analysis; (2) if so, what 
are the sizes, characteristics, number and 
discreteness of the classes; ( 3 )  how do the 
classes compare to traditional subjective 
methods of classification (Angle, '07); (4) 
what percentage of individuals examined 
may be identified unequivocally with re- 
spect to the classes derived? 
The data base 
All the data used in these studies were 
obtained from lateral cephalograms of 
308 North American White children in 
the age range 6-18, unstratified with re- 
spect to age or sex groupings. This ma- 
terial had been evaluated subjectively with 
respect to presence and type of malocclu- 
sion (Angle classification) for other pur- 
poses and it had been determined that 
all three Angle classes were represented. 
Therefore, the same material afforded us 
an ideal opportunity to test the objective 
taxonomic approach against the subjective. 
The data are of the following kinds: 
(1) 13 variables (see table 1) pertain- 
ing to structural counterparts. These are 
the same data used by Enlow in his recent 
anatomic studies. The method of mea- 
surement, reported elsewhere (Enlow, Ku- 
roda and Lewis, '71a), results in an inte- 
ger value in the scale 1-7. A value of 4 
means that the structural equivalents are 
in balance. Values of 5 ,  6, or 7 indicate 
imbalance greater than 1, 2, or 3 standard 
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TABLE 1 
















Overall balance measured from A and B points 
Overall balance measured from SPr and IPr 
Alignment of posterior cranial base 
Alignment of ramus of mandible 
Posterior cranial base-ramus balance measured skeletally 
Posterior cranial base-ramus balance measured dentally 
Maxillary arch-corpus of mandible balance measured skeletally from 
Maxillary arch-corpus balance measured dentally from A and B 
Maxillary arch-corpus balance measured skeletally from SPr and IPr 
Maxillary arch-corpus balance measured dentally Born SPr and IPr 
Vertical midface height 
Alignment of corpus of mandible 
Deviation of plane of occlusion of corpus away from reference line 
A and B points 
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deviations in one direction, values of 3, 2, 
or 1 similar imbalance in the opposite 
direction. The anatomical significance of 
the direction of imbalance varies with the 
particular variable, as described in the 
work cited. 
(2) An overall evaluation of each profile 
done by D. H. Enlow on the basis of the 
first two variables listed in table 1. Max- 
illary protrusion is associated with values 
of 5-7 €or both these variables, and is 
designated herein as MAX. Mandibular 
protrusion, designated MAN, is associated 
with values of 1-3. BAL goes with a bal- 
anced profile and a balanced number of 
values pivoting around 4. 
(As the emphasis of this paper is tax- 
onomy, not morphology, a detailed descrip- 
tion of the method of obtaining these 
measurements is inappropriate. The read- 
er may rest assured that they are valid 
for the present purposes, and may consult 
the works cited for their significance in 
craniofacial biology and orthodontics.) 
(3) An evaluation done by one person 
with regard to the Angle classification of 
occlusion as stated above. 
(4) The measurement of direction and 
magnitude of deviation from the mean of 
the angle of intersection of the line A pt.- 
B pt. with the functional occlusal plane 
(AB/FOP). This angle has been found to 
remain relatively constant with time 
(Hirschfeld and Moyers, manuscript in 
preparation) and provides an effective 
measure of the maxillo-mandibular rela- 
tionship existing in a given subject. The 
mean vaule used is 88.6" with a standard 
deviation of 3.2". Data were recorded as 
t 1,  2, or 3 standard deviations, " f "  sig- 
nifying mandibular protrusion and " - " 
signifying maxillary protrusion. 
(5) A discriminator variable formed by 
summating the values of variables 3-13 in 
table 1. This was done for each subject 
primarily for the purpose of seeking clus- 
ters in Prim networks as will be explained 
later. Note that the variables used to form 
this discriminator are different from those 
used in forming the MAX, BAL, MAN cate- 
gories. Because each variable has the 
numerical range 1-7, the theoretical mini- 
mum for the discriminator is 1 1  x 1 = 11,  
the maximum is 1 1  X 7 = 77. 
(6) Relative location in a Prim network 
(see below). As this information can be 
gained only by inspection of the network, 
it is of little value by itself. However, 
when combined with other data it identi- 
fies the subjects that form any groupings 
found in the networks. 
( 7 )  The DICO cluster (see below) in 
which a subject is located. Because DICO 
clusters are each formed around a differ- 
ent single subject (the center), the location 
of any other subject tells which center 
that individual most resembles. 
Cluster analysis and  numerical 
taxonomy 
Tryon's VCLUST (cluster analysis of uar- 
iables). Part of a system of computer 
programs developed by Tryon and his co- 
workers, VCLUST is designed specifically 
to gather together, out of a full set of 
variables, subsets of variables that are 
collinear (i.e., definitely positively corre- 
lated). Each variable within any one sub- 
set is more similar in behavior to any 
other variable in that same subset, than 
it is to any variable in any other subset. 
Together with each such subset is com- 
puted a reliability coefficient, which gives 
a measure of confidence that the user may 
have in the degree of similarity of the 
variables. In the present studies, a mini- 
mum of 0.7 was set for this coefficient. 
Values below this level were not consid- 
ered sufficient evidence for similarity of 
the variables involved. 
An important consequence of collinear- 
ity is that since all the variables in a 
collinear group are similar, one repre- 
sentative variable may be taken from each 
group, and the entire set of variables 
reduced to a smaller number representa- 
tive of the behavior of the full set. 
A full account of the methods of V- 
analysis (variable analysis) is given by 
Tryon and Bailey ('71). 
Prim nearest-neighbor network. This 
is a method of numerical taxonomy used 
for the analysis of objects, rather than of 
variables. The Prim network consists of 
symbols representing the objects under 
study (the individuals of the sample) con- 
nected by lines, the lengths of which are 
proportional to the mathematical distances 
between the points. Each object is con- 
nected to the object closest to it (i.e., to 
its nearest neighoor). The choice of the 
first point in the network (the first indi- 
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vidual) is arbitrary. Thus, a multivariate 
comparison can be made among individ- 
uals, and some graphic representation con- 
structed of the interrelationships among 
all the individuals in a sample. 
For more information consult the arti- 
cles by Farris (‘70) and by Prim (’57). 
The dissimilarity coefficient (Sohal and 
Sneath, ’63). This is a distance measure 
suitable for use with qualitative data. 
For each pair of subjects, a count is made 
of all corresponding variables for which 
the values are not the same. This number 
is then divided by the total number of 
variables to yield the dissimilarity coeffi- 
cient (DICO). Thus, if, for a given pair of 
subjects, all the variables have the same 
value, the number of dissimilar variables 
will be zero, and the DICO will then also 
be zero. If all the variables are dissimilar, 
the DICO will be unity. The DICO, there- 
fore, is a number in the range 0-1. This 
approach is most often used when dealing 
with dichotomous data, for example, plus 
vs. minus, present vs. absent, or zero vs. 
one. In the present application the data 
are integers from 1-7, each variable hav- 
ing a value somewhere in that range. 
The application of cluster analysis 
to the data base 
Following preliminary studies, a Prim 
network based on variables 3-13 was se- 
lected as giving the best spread of sub- 
jects. On this network, the value of the 
discriminator variable was entered along- 
side each subject’s identification number. 
By trial and error, the ranges of values of 
the discriminator were determined to mini- 
mize overlap among groupings of subjects. 
These ranges were 13-30, designated as 
gamma; 31-48, beta; 49 and above, alpha. 
A separate set of clusters was formed 
by the DICO method. Each subject then 
was a member of one DICO and one Prim 
grouping. The crucial question was - are 
the characteristics of  the two sets of 
groups the same? 
If they are, then the same classification 
was obtained by two different methods of 
numerical taxonomy, thus greatly increas- 
ing the faith one may have that the classi- 
fications are correct. 
The final phase of the work, and the 
test of the question, was the listing of all 
subjects so that all the data (Angle Class, 
AB/FOP angle, etc.) could be compared. 
The lists were ordered arbitrarily in terms 
of the DICO clusters. 
Cluster analysis of variables 
This consisted of the application of the 
VCLUST technique described earlier to de- 
termine if the information conveyed by the 
full set of 13 variables could be approxi- 
mated to an acceptable degree by a small- 
er number of variables. 
RESULTS 
Numerical taxonomy 
Figure 1 shows, with symbols in place of 
identification numbers, the Prim network 
obtained using variables 3-13 for each of 
the 308 subjects. Once the groupings were 
established, the anatomic characteristics 
of each subject in each group were ascer- 
tained from the original data. Definite 
differences appeared among the groups 
as follows. 
The group of subjects symbolized by 
hexagons was characterized by net maxil- 
lary protrusion, the cause of the imbalance 
being either a relatively long maxilla or a 
relatively short mandible. This group may 
be considered to be Angle Class I1 sub- 
jects of varying degree of protrusion. At 
its periphery, it blends with the next 
group, the triangles. 
The group of subjects marked by tri- 
angles may be considered to be Angle 
Class I, exhibiting balanced profiles. Again, 
there exists a spectrum going from pro- 
files bordering on maxillary protrusion to 
those bordering on mandibular protrusion. 
Note, however, that the degree of overlap 
between “triangle” and “hexagon” is 
greater than that between “triangle” and 
“circle.” 
The last group, the circles, represents 
Angle Class 111, or net mandibular protru- 
sion. In this group, two subgroups emerged 
that showed a difference in the nature of 
the imbalance. That is, inspection of the 
original data on the subjects showed the 
subgroup marked by an X within the circle 
to have values of 1 or 2 for most variables 
as opposed to values of 2 or 3 for the 
same variables in the other subgroup (see 
numerical scale, page 280). The remainder 
of the circle group blends somewhat with 
the triangle, or balanced profile, group in 
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0 Primarily Angle Class lI; net moxillary protrusion 
A Primarily Angle Class I ; bolanced maxillo-mondibulor relationship 
0 All Primarily Angle Class m; net mandibular protrusion 
8 Angle Gloss Ill subgroup 
I! 
i.1 
Value of Discriminotar Variable Z vi 
0 49 ond above 
A 31-48 
0 25-30 
0 24 and below 
Fig. 1 Prim network in symbolic form. Geometric figures have been substituted for the 
subjects’ identification numbers in accordance with the value of the discriminator variable. 
The discriminator variable and the network are based on variables %I3 in the list given 
in table 1 .  
accordance with the degree of severity of 
mandibular protrusion. 
Hereafter, the hexagon group will be 
referred to as alpha, the triangle as beta 
and the circle as gamma to conform with 
the terminology used with respect to the 
discriminator variables. Because there are 
hints of subgroups of gamma, the one with 
the higher values of the discriminator 
variable will be called gamma-1, and the 
one with the lower values will be gamma-2. 
Of the 308 subjects, 126 (40.9%) fell 
in the alpha group, 156 (50.7%) in the 
beta, and 26 (8.4%) in the gamma. Of the 
latter, 14 (4.5% of the total sample) were 
in gamma-1, and 12 (3.9% of the total 
sample) were in gamma-2. 
Turning now to DICO clustering, five 
different clusters of subjects emerged. Un- 
ambiguous membership in clusters oc- 
curred for 243 (78.9%) of the subjects. 
The other 65 (21.1%) subjects were equal- 
ly similar to two or more of the clusters 
and, therefore, could not be classified 
unambiguously. These subjects are to the 
DICO clusters as the borderline subjects 
are to the Prim clusters, and will be ana- 
lyzed separately after the presentation of 
the results obtained for the unambigu- 
ously classifiable subjects. 
Table 2 gives the size of the DIFCO 
clusters together with those of the Prim 
clusters. The percentage distributions of 
subjects in the two kinds of clusters gave 
some clue as to possible correspondence 
between the two methods. The largest 
Prim cluster was beta, the largest DICO 
cluster was 4. Could these contain the 
same subjects? 
A more detailed comparison was made 
as follows. For each single cluster, the 
mean value of each variable was compared 
with the grand mean for that variable 
taken over the whole sample. The infor- 
mation was recorded as A for above the 
grand mean, B for below the grand mean 
and is shown in table 3. (A dash indicates 
a value at or close to the grand mean.) 
In this way, the patterns of deviations of 
the variables relative to grand means 
could be compared for Prim and DICO 
clusters. The most striking resemblance 
is between Prim gamma and DICO 5. This 
was verified by direct comparison of the 
subject identification numbers; gamma 
and 5 are essentially alike. In the same 
way, beta and 4 are similar, and alpha 
corresponds to all of 1, 2, and 3. The latter 
suggests that alpha, the Angle Class I1 
type, is composed of three subgroups not 
revealed by the Prim network. 
This greater sensitivity in revealing sub- 
groups dictated the choice of the DICO 
clusters over the Prim for drawing to- 
gether all the information gathered for 
each subject. This will be done here by 
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TABLE 2 
Relative sizes of P r i m  und DICO clusters 
Per cent of 
unambiguously 
Group No. in Per cent of classifiable 
































Patterns of deviations of group m e a n s  f r o m  grand m e a n s  for variables 3-13 
Variable 
Group 3 4 5 6 7 S 9 10 11 12 13 
~~ ~ ~~ 
Prim alpha - A' - A A  A A A A A A  
Prim gamma B B -  B B B B B B B B  
Prim beta - - _ -  BZ - 3  B _ _ _ _  
DICO 1 - A A A A  A A A A - -  
DICO 2 A A B -  A A A A -  A -  
DICO 3 B A - -  A A A A A -  A 
DICO 4 A -  
DICO 5 B B A B  B B B B B B B  
_ - _ -  _ -  B -  - 
1 A, above grand mean. 
2 B, below grand mean. 
3 -, at or near grand mean. 
giving a detailed account of all charac- 
teristics of each DICO cluster as follows 
(all % to nearest integer): 
DICO Cluster 1 
Size. N = 32, 13% of the classifiable 
subjects, 10% of the total sample. 
ABIFOP. 23 of the 32 subjects (72%) 
deviated in the minus direction (A pt. an- 
terior to B pt; relative mandibular retru- 
sion), 6 (19%) deviated in the plus direc- 
tion (relative mandibular protrusion). No 
data were obtainable on 3 (9%) of the 
32 subjects. 
MAX/MAN/BAL. 24 (75%) MAX, 4 
(12%) MAN, and 4 (12%) BAL. 
Prim groups. 23 of the 32 (72%) were 
also in alpha, 9 (28 % ) were in beta. None 
of these subjects appeared in gamma. 
5 of the 
subjects (15%) were identified as Class I ,  
26 (81%) Class 11, and 1 (3% ) as Class 111. 
Skeletal characteristics. Mandibular 
length and ramus alignment tend toward 
Modified angle classification. 
maxillary protrusion; the cranial base does 
not contribute to the morphology of this 
group; however, the midface is involved 
because it is unduly long vertically. The 
ramus, which usually compensates the 
maxillary protrusive factors, aggravates 
the maxillary protrusion in this group. 
DICO Cluster 2 
Size. N = 29, 12% of the classifiable 
subjects, 9% of the total sample. 
ABIFOP. 17 of the 29 subjects (59%) 
deviated in the minus direction (relative 
mandibular retrusion), 7 (24 % ) deviated 
in the plus direction, 3 (10% ) were within 
one standard deviation of the mean. No 
data were obtainable on 2 (7%) of the 29 
subjects. 
MAXIMANIBAL. 22 (76%) MAX, 4 
(14%) MAN, and 3 (10%) BAL. 
Prim groups. 20 of the 29 subjects 
(69%) were also in alpha, 9 (31%) were 
in beta. None of these subjects appeared 
in gamma. 
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Modified angle classification. 17 sub- 
jects (59%) were identified as Class I and 
12 (41 % ) as Class 11. None were deemed 
to be Class 111. 
Skeletal characteristics. In this group 
the cranial base is contributory but ver- 
tical midface is not (see cluster 1). The 
ramus acts to compensate for the maxil- 
lary protrusive effects of the cranial base 
and mandibular length, in contrast with 
its role in DICO cluster 1. 
DICO Cluster 3 
Size. N = 35, 14% of the classifiable 
subjects, 11 % of the total sample. 
ABIFOP. 20 of the 35 subjects (57%) 
deviated in the minus direction (relative 
mandibular retrusion), 9 (26% ) deviated 
in the plus direction. No data were obtain- 
able on 6 (17% ) of the 35 subjects. 
MAXIMANIBAL. 21 ( 6 0 % )  MAX, 7 
(20% ) MAN, and 7 (20% ) BAL. 
Prim groups. 27 of the 35 subjects 
(77%) were also in alpha, 8 (23%) were 
in beta. None of these subjects appeared 
in gamma. 
13 subjects (38% ) 
were identified as Class I, 19 (54%) as 
Class 11, and 3 (9%)  as Class 111. 
Skeletal  characteris t ics .  The cranial 
base is tilted upwards anteriorly and, to- 
gether with the ramus alignment, occlusal 
plane alignment and mandibular length, 
is associated with net maxillary protru- 
sion. In this group, the ramus is neither 
compensatory nor does it aggravate the 
pattern. The vertical midface is dispro- 
portionately long. 
DICO Cluster 4 
Angle classification. 
Size. N = 99, 41% of the classifiable 
subjects, 32% of the total sample. 
ABIFOP. 61 of the 99 subjects (62%) 
deviated in the plus direction (relative 
mandibular protrusion), 9 (9% ) deviated 
in the minus direction. No data were 
obtainable on 29 (29% ) of the subjects. 
MAX/MAN/BAL. 13 (13%) MAX, 40 
(40% ) MAN, and 46 (46% ) BAL. 
Prim groups. 20 (20%) of the 99 sub- 
jects were also in alpha, 76 (77%) were in 
beta, and 1 (1 % ) was in gamma (gamma- 
1). No data were obtainable on 2 (2%) 
of the subjects. 
Modified angle classification. 58 (59%) 
of the subjects were identified as Class I, 
38 (38%) as Class 11, and 3 (3%) as 
Class 111. 
Skeletal characteristics. In cluster 4, 
all the structural counterparts are in bal- 
ance except the posterior cranial base and 
mandibular length which normally coun- 
terbalance each other. 
DICO Cluster 5 
Size. N = 48, 20% of the classifiable 
subjects, 16% of the total sample. 
ABIFOP. 41 of the 48 subjects (85%) 
deviated in the plus direction (relative 
mandibular protrusion), 1 (2% ) deviated 
in the minus direction. No data were ob- 
tainable on 6 (13%) of the subjects. 
MAXIMANIBAL. 1 (2%) MAX, 47 
(98%) MAN, and 0 in the BAL category. 
Prim groups. None of these subjects 
were also in alpha, 23 (48 % ) were in beta, 
and 25 (52%) were in gamma (13 in 
gamma-1 and 12 in gamma-2). All of the 
subjects in gamma-2 were also in DICO 
Cluster 5. 
Modified angle classification. Seven 
(15%) of the subjects were identified as 
Class I, 3 (6%) as Class 11, and 38 (79%) 
as Class 111. 
Skeletal characteristics. The mandibu- 
lar arch is relatively longer than the max- 
illary, when measured from either skeletal 
or dental landmarks. There is a short 
vertical midface and the corpus of the 
mandible is aligned in a downward direc- 
tion, while the ramus is aligned in a for- 
ward direction. 
The salient features are summarized in 
table 4, which gives, for each DICO clus- 
ter, the largest percentage group within 
AB/FOP, MAXIMANIBAL, Prim groups, 
and Angle classification. 
Cluster analysis of variables 
These results are presented in table 5. 
The reliability coefficient gives a measure 
of the degree in which the behavior of 
any one variable in a cluster resembles 
the behavior of any other variable. If the 
reliability coefficient of a cluster is high 
enough (a subjective evaluation), then one 
variable may be chosen as a representative 
of the entire cluster. 
For example, in the first variable clus- 
ter, either variable 1 or variable 2 may be 
selected as representative of both. In the 
286 W. J. HIRSCHFELD, R.  E. MOYERS AND D. H. ENLOW 
TABLE 4 
S u m m a r y  of characteristics of DICO clusters 
DICO Angle 
cluster AB/FOP MAX/MAN/B AL Prim group classification 
1 72 % 
A pt. anterior 
to B point 
A pt. anterior 
to B point 
2 59 % 
3 57 % 
A pt. anterior 
to B point 
B pt. anterior 
to A point 
4 62 % 
5 85 % 
B pt. anterior 
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second cluster one may select either vari- 
able 7 or variable 9 and so on. 
However, variables 3, 5 and 6 do not 
appear in any cluster. Therefore, they are 
unique (not collinear with any of the 
others), and must be evaluated separately. 
That is, any reduced list of the original 
13 variables must contain them. 
The reduced list obtained from table 5 
consists of variables 3, 4, 5, 6, 7, 8 and 13. 
Alternatively, variable 1 may be used for 
an overall evaluation of the facial profile. 
(Remember that variables 1 and 2 are 
aggregates or summaries of the other 11 
variables.) The choices made within any 
one cluster depended on ease and accu- 
racy of measurement. 
Analysis of ambiguously classified 
subjects 
The term “ambiguous” refers to sub- 
jects that were equidistant from two or 
more DICO centers, and so could not be 
grouped unequivocally with any one cen- 
ter. 
There were 65 such subjects (21.1% 
of the total sample). Three of these were 
discarded because of inadequate data, 
leaving 62 for further study. The analysis 
TAbLE 5 
Clusters of collinear variables 
Cluster Variables Reliability 
no. in cluster coefficient 
1 1 , 2  0.9242 
2 7, 9 0.9358 
3 4 , l l  0.8417 
4 8,lO 0.8422 
5 12,13 0.7003 
of this group, taken as a whole, with re- 
gard to AB/FOP, MAX/MAN/BAL, and An- 
gle classification is: 
24 of the 62 subjects (39%) 
deviate in the minus direction, 28 (45%) 
deviate in the plus direction, 2 (3%) were 
within one standard deviation from the 
mean. No data were obtainable on 8 (13% ) 
of these subjects. 
MAX/MAN/BAL. 32 (52%) MAX, 15 
(24% ) MAN, 15 (24% ) BAL. 
Prim groups. 39 of the 62 (63%) were 
in alpha, 23 (37%) in beta. None of these 
subjects was in gamma. 
28 (45% ) 
of the subjects were identified as Class I,  
29 (47%) as Class 11, and 5 (8%) as 
Class 111. 
ABIFOP. 
Modified angle classification. 
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Upon analysis of the groups separately 
for AB/FOP, MAX/MAN/BAL, and Angle 
classification, the following results were 
obtained (summarized in table 6). 
(1) Subjects grouped with 2 or more of 
DICO 1,2,  and 3. 
Size. N = 19 (31% of the am- 
biguous subjects). 
ABIFOP. 13 of the 19 subjects (68%) 
deviated in the minus direction, 5 (26%) 
deviated in the plus direction. No data 
were obtainable for 1 (5% ) of the subjects. 
MAX/MAN/BAL.  17 (89%) MAX, 0 
(0%) MAN, and 2 (11%) BAL. 
Prim groups. 16 of the 19 (84%) were 
in alpha, 3 (16%) in beta. None of these 
subjects appeared in gamma. 
Modified angle classification. Eight of 
the subjects (42%) were identified as 
Class I, 10 (53%) as Class I1 and 1 (5%) 
as Class 111, 
(2) Subjects grouped with 1 or more 
of DICO 1, 2, and 3, and with DICO 4. 
Size. N = 35. 
AB/FOP. 11 of the 35 subjects (31%) 
deviated in the minus direction, 18 (51 % ) 
deviated in the plus direction, and 1 (3%) 
was within 1 standard deviation of the 
mean. No data were obtainable for 5 
(14% ) of the 35 subjects. 
MAX/MAN/BAL.  14 (40%) MAX, 11 
(31%) MAN, and 10 (29%) BAL. 
Prim groups. 21 (60%) were in alpha, 
14 (40%) were in beta. None of these 
subjects appeared in gamma. 
15 of the 
subjects (43%) were identified as Class I, 
18 (51%) as Class 11, and 2 (6%) as 
Class 111. Of the 18 Class I1 subjects, 10 
deviated in the minus direction, and also 
were classified as MAX, thus accounting 
Modified angle classification. 
for most of the incidence of minus and 
MAX reported above for this ambiguous 
group. 
(3) Subjects grouped with 1 or more of 
DICO 1, 2, 3, and 4, and with DICO 5. 
Size. N = 8. 
ABIFOP. None of the 8 deviated in the 
minus direction, 5 (62%) deviated in the 
plus direction, and 1 (12%) was within 
1 standard deviation of the mean. No data 
were obtainable on 2 (25%) of the sub- 
jects. 
MAXIMANIBAL. 1 (12%) MAX, 5 
(62%) MAN, 2 (25%) BAL. 
Prim groups. All 8 (100%) of the sub- 
jects were in beta. 
Modified angle classification. Five of 
the subjects (62%) were identified as 
Class I, 1 (13 % ) as Class I1 and 2 (25% ) 
as Class 111. 
DISCUSSION 
With regard to the questions set in the 
introduction, the results clearly show that 
it is possible to derive, by numerical meth- 
ods of taxonomy, meaningful categories of 
human skeletal facial types. 
The most important feature of the nu- 
merical taxonomic approach is that the 
groupings are derived completely objec- 
tively by the clustering techniques em- 
ployed. These operate directly on the data 
as a whole to find natural relationships 
that may exist among the subjects. N o  
prearrangement of the subjects is  done 
in any way  by the investigator. Therefore, 
the clusters found do not represent any 
prejudice or externally imposed classifi- 
cation. 
The important aspect of our application 
of the numerical approach is that the 
TABLE 6 
S u m m a r y  of characteristics of ambiguously  classified subjects 
Subjects grouped with ABlFOP MAX/MAN/BAL Prim groups angle class 
Modified 
(1) 2 or more of DICO 1, 68 % 89% MAX 84% alpha 42% I 
2, and 3 A pt. anterior 11% BAL 16% beta 58% I1 
to B point 
(2) 1 or more of DICO 1, 51 % 40% MAX 60% alpha 43% I 
2, and 3, and with B pt. anterior 31% MAN 40% beta 51% I1 
DICO 4 to A point 29% BAL 6 %  111 
3,  and 4 ,  and with B pt. anterior 62% MAN 13% I1 
DICO 5 to A point 25% BAL 25% I11 
(3) 1 or more of DICO 1 ,  2, 6 2  % 12% MAX 100% beta 63% I 
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existence of the derived categories is based 
not on one single analytic method, but on 
the cumulative evidence obtained from 
two different techniques of cluster analy- 
sis (Prim and DICO), a separate overall 
evaluation (M AX/M ANIB AL), a traditional 
classification (Angle), and an  independent 
measure of maxillo-mandibular relation- 
ship (AB/FOP). 
Five categories of profiles have been de- 
rived in this way. They represent a com- 
posite of the Prim and DICO designations, 
and henceforth will be called Category A, 
Category B, etc. Categories A-D corre- 
spond to DICO 1-4, and Category E con- 
tains within it the subgroups gamma-1 
and gamma-2 detected in the Prim analy- 
sis. We suspect that one of these sub- 
groups represents subjects in which the 
imbalances consist of absolute mandibular 
protrusion (maxilla in normal range) and 
that the other represents subjects in which 
the imbalances are compounded of maxil- 
lary retrusion together with mandibular 
protrusion. The latter might be expected 
to be more severe, the former less severe. 
Table 7 provides, for easy reference, a 
list summarizing the distinguishing char- 
acteristics of each of the five categories 
along with the major associated morpho- 
logical features, expressed in the terminol- 
ogy devised by Enlow (Enlow and Moyers, 
’71; Enlow et al., ’71a,b). Category D, 
referred to as balanced profiles, actually 
represents a spectrum ranging from near 
maxillary protrusion to near mandibular 
protrusion, and warrants further study 
in itself. 
The existence of distinguishing charac- 
teristics among the five categories makes 
possible the design of an identification 
procedure that would allow one to place 
a given, new individual reliably into one 
of the categories. This represents a sepa- 
rate problem not included in these studies. 
However, the framework of such a pro- 
cedure has been revealed in the present 
work and is presented in figures 2 and 3. 
SUBJECT 
“or. I 
o n d l u  
A W  FOP 
A 
pomrno-l wrnma-2 DICO DICO DICO 
1 2 3  
Fig. 2 Basis for a classification scheme. The 
variable numbers refer to the list given in table 1. 
TABLE 7 
Characteristics a n d  ussociated morphological features of the derived categories 
Category Characteristic 
Major associated 
morphologic a1 features 
A Maxillary protrusion 
B Maxillary protrusion 
C Maxillary protrusion 
D Balanced profile in a 
spectrum from maxil- 
lary to mandibular 
protrusion 
Maxillary arch - mandibular 
corpus imbalance, long vertical 
midface, noncompensatory align- 
ment of mandible (ramus) 
Maxillary arch - mandibular 
corpus imbalance, cranial 
base flexure 
Cranial base flexure, long 
vertical midface 
Spectrum caused mainly by 
degree of posterior cranial 
base - ramus imbalance 
E Mandibular protrusion Long mandibular arch, short 
vertical midface, protrusive 
alignment of the corpus of 
the mandible 
moderate to severe 
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Figure 2 is in terms of the temporary 
designations used in the cluster analysis. 
It shows that the use of variable 1 (see 
list in table 1) and/or AB/FOP will serve 
to place an individual into one of the 
three major profile groupings. Further 
classification within the MAX and MAN 
groups requires the information supplied 
by the variables indicated. 
Figure 3 is essentially the same classi- 
fication scheme except that the temporary 
designations have been replaced by the 
category names, and the variable num- 
bers have been replaced by the major 
structural features characteristic of each 
category . 
Figure 3,  therefore, provides a first step 
towards a classification key such as  is 
used by biologists in identifying unknown 
specimens. Inspection of table 5 will re- 
veal that the reduced lists of variables 
obtained from the cluster analysis of vari- 
ables are used as the key variables appear- 
ing in the classification scheme. These 
are the variables that would convey, col- 
lectively, an acceptably large percentage 
and broad range of information about a 
subject under study. 
A& and c Retrusive Ramus Alignment, P r o t r w  
Base Flexure 
C 
Through the use of these variables in 
the manner indicated in figure 3 ,  one 
could expect to be able to place nearly 
80% of subjects unambiguously into one 
of the five categories; the remaining 20% 
would overlap two or more categories (ac- 
tual figures 78.9% and 21.1%, table 2). 
T h e  establishment of the expectation of 
a n  80% chance of accurate identification, 
together w i th  the description of the f ive 
provisional categories satisfy the major 
aims of this work. 
With regard to the correspondence of 
the traditional Angle classes and the cate- 
gories derived by the numerical approach, 
Categories A, B and C may be regarded 
as subgroups, heretofore unrevealed, of 
Angle Class 11. Category E contains evi- 
dence of two subgroups within Angle 
Class 111. Category D is an unresolved 
spectrum as is Angle Class I. 
We believe that further resolution of 
the groupings within the categories, espe- 
cially Category D and the further resolu- 
tion of the ambiguous subjects are related 
problems. The same considerations of mea- 
surement technique and uniformity of sam- 










Fig. 3 Suggested form of a taxonomic key of skeletal facial types. The types include only 
those derived from lateral cephalograms as reported in this work. 
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with respect to age and sex) apply to both 
problems. Some of the fuzziness of the 
groupings may have linguistic grounds. 
However, the intent of this paper is to 
disseminate to workers in other special- 
ties knowledge of an approach that has 
been of great heuristic value to us in our 
own primary specialties. A deeper exposi- 
tion of skeletal typing with regard to 
craniofacial biology and orthodontics 
would carry us too far afield. 
Our message is that the combined nu- 
merical and subjective approach may be 
used profitably by anyone faced with the 
problem of defining and labeling sub- 
groups of a population. 
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